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LXXVI I .  On tile Formation of" Images by means of an 
Opaque Disk. By ALFRED W. PORTER, .F.R.S., Uni- 
versity College, London *. 
~Plate 1X.] 
I N spite of the prominence given in treatises on Physical Optics to the existence of the bright spot at the centre 
of the shadow formed by a point-source and a circular disk, 
it does not. seem to have been recognized that, as ordinarily 
exhibited, the bright spot is in reality an image of the source 
of light. The source is never a point-source in practice, and 
the contour of the bright patch is simply the locus of the 
diffraction spots formed by the various points on the contour 
of the source of light. I have for some years been impressed 
by the very sharp boundary of the bright spot when obtained 
by means of a pinhole source ; a sharpness quite inconsistent 
with one's expectations from the account usually given. 
It was only a few weeks ago that it occurred to me that the 
explanation is that the theoretical bright spot is much smaller 
than the patch of light obtained. To test this I took in the first 
place a circular source about 9 mm. in diameter, with a thin 
wire stretched across its centre, illuminated from behind by 
an electric arc, and found as I suspected that the spot was 
transformed into a sharp image of the bright opening with 
its dark bar. We have thus the possibility of obtaining 
sharp images of small objects, using an opaque disk instead of 
a lens. In conjunction with Mr. E. Talbot Paris, I have 
taken photographs of a triangular opening ; one of these is 
reproduced (Pl. IX.). 
The size of the true brigbt spot is easily obtained 
theoretically for a source on the axis of the disk. 
The intensity at any point Q distant r from the axis is 
given by (Vl.O+ V0 ~) 
I ~ (a+b) 2 
2 ~8 
where V1 = ~ Jl(z) -- ~ J3(z) + etc., 
.2 
+ etc., 
2~r(a + b)e 2 
td= abe. - ' 
0. .11-~. C 
and 
The maxima and minima are given by VoJl=O. 
* Communica.ted by the Author. 
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674 .Formation oj Images by means of an Opaque .Disk. 
first minimum following the central maximum is given 
by Vo=O. 
Taking, in illustration, the data for the case of the 
photograph which is reproduced, we have a=63 era., 
b=170cm.,  c='44cm. ),='00005 era. ; whence the value 
of # (which is independent of the point Q) is ~3 ~r. 
Lommel has calculated the values of V o as far as y=87r 
vnly ; but in our case it is unnecessary to calculate them 
$ 
q, 
a c b 
t 
q, 
t-O 
i" 
further because the vanishing of V0 practically coincides 
with the vanishing of J0, as z/.q is then exceedingly small 
and J0 is changing fast. This occurs when z=2"40; the 
corresponding value of r is "0074 cm. Hence the whole of 
the bright spot must be within this radius and the visible 
part of it may be considerably within. 
For points of an extended source which lie off the axis, 
the above formula no longer, in strictness, applies ; but it 
may still be used approximately for points sufficiently near 
to the axis. The corresponding bright spot is then on the 
secondary axis through the centre of the disk, and the 
distance of the spot from the principal axis is given by the 
ordinary law of transverse magnification in geometrical 
optics, i.e. width of image/width of object ----- b/a. In the 
above nmnerieal case, the length of each side of the 
triangular source was "21 cm., and of the image was "58 cm. 
This latter is nearly 40 times as long as the diameter of the 
bright spot. It  may be pointed out that this ratio is indepen- 
dent of b, and is inversely proportional to a; there is therefbre 
an advantage in placing the disk fairly near to the source. 
Contrast should be drawn between the optical definition in 
this case and in the complementary case of pinhole photo- 
graphy. It would be impossible to have obtained a 
photograph of the triangle with au aperture of the same size 
instead of a disk. 
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[ 565 ] 
LXV. Induct~on-Coil .Potentials. By E. TAYLOR JONES, 
J).Sc., Professor of Physics in the Universit~q Colleqe oi 
North Wales, Bangor ~. 
[Plate VIII. l 
T HE present paper contains ome further applications o[ the theory of electrical oscillations in coupled circuits, 
and is a continuation of two former papers t on the subject. 
In the first of these it was shown that if a given current 
is interrupted in the primary of two coupled oscillatory 
circuits, the potential-difference, V o,at ttle terminals of the 
secondary at any subsequent time t is tLeoretically given by 
an expression of' the form 
Ale -kIt sin (2~rnlt-- $,) --Aoe-7~r sin (27rn2t - $~), . (1) 
where nl, n~ are the frequencies of the two oscillations of the 
system, and the other six constants can be calculated from 
the capacities, inductances, and resistances of the circuits. 
This result was illustrated by a number of examples in which 
coupled air-core coils connected to condensers were used. 
The wave of potential represented by (1) was worked out for 
each case and compared with the experimental curve obtained 
with an electrostatic oscillograph. 
In the second paper referred to, the expression (1) was 
further illustrated by experiments with an ordinary induc- 
tion-coil with iron core, a number of cases being worked out 
in some of which the secondary coil, as well as the primary, 
was connected to a condenser. In these experiments, how- 
ever, the primary (paraffin-paper) condenser was of con- 
siderably greater capacity than that generally used with an 
induction-coil. 
Recently an expression of the form (1) has been given in 
an important paper by I)ibbern + for the potential-difference 
at the plates of the primar# condenser, and the theoretical 
curves of both primary and secondary potential compared 
with the experimental curves obtained with a pendulum 
interrupter. In his experiments Dibbern used coils with 
air-cores, cores of iron-filings in paraffin-wax, of iron wire, 
and of solid iron. Good agreement was found between the 
* Communicated by theAuthor. 
r "Electrical Oscillations inCoupled Circuits," E. T. Jones, Phil. 3lag. 
xvii. p. 28 (1909) ; " The Induction-Coil," E. T, Jones and D. E. Roberts, 
Phil. Mat. xxii. p. 706 (1911). These two papers will be referred to as
L c. (1) and l. c. (2). 
+ E Dibbern, Ann. d. Physik, xl. 4, p. 935 (1913); Inaug.-Diss., 4- 9 
Kiel. 
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